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0 Chemical reaction and catalyst suitable therefor. 



0 The Invention concerns a method of perforniing a chemical reaction In which hydrogenation and/or 
dehydrogenatlon occurs, In the presence of a supported catalyst comprising a carrier material with copper as 
active component and iron as a promotor. According to the invention, the proportion or Iron, calculated on the 
amount of copper and Iron jointly, on an atomic basis, is no more than 25 %- The invention also relates to a 
catalyst for carrying out the reaction, and to a process for preparing a supported catalyst- 
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Chemical reaction and catalyst suitable therefor. 



This invention relates to a method of cairying out a chemical reaction during which hydrogenation 
and or dehydrogenation occurs, In the preserve of a supported copper catalyst. 
The invention also relates to a catalyst suitable for use in such a method, 
s The invention further relates to a process for preparing a catalyst. 

Catalysts are often used in chemlcai processes. Their object is. on the one hand, accelerating the 
estabilshmsnt of the thermodynamic equlBbrium. and on the otiier hand to ensure the desired selectivity In 
the latter case, the object is the preferential formation of a given one of the possible reaction products, 
in some cases, the catalytically active component is used as such, but mostly the catalytically active 
iQ component (or catalytically active components) is (are) applied to a so-called canier. A highly*porous 
thermostable canier prevents sintering of the catalytically active component(s) during a themnal pre- 
treatment of the catalyst or during use. Generally speaking, it is not desirable for the surface of the carrier 
proper to exhibit a given catalytic activity- There are cases, however, in which the activity of the carrier itself 
is also essentia! (bifunctional catalysts). 
15 Copper catalysts are of great significance in hydrogenation and dehydrogenation reactions.. Generally 
speaking, the selecth% of copper catatysts is the decish^e factor for choosing them. 

However, a disadvantage of these catalysts is that rather extreme reaction condifions are to be 
maintained to achieve a reasonable activiiy.. 

Many other metals, such as nickel, platinum, and palladium, exhibit an excellent activity for hydrogena- 
20 tion and dehydrogenation. in general, however, these catalysts have a poor selectivity. This means that 
during the (dejhydrogenation of functional groups in organic compounds. In addition to the functionai group 
or groups, carix)n-to-carbon bonds of the starting product react. This applies, for example, to the 
hydrogenation of double or triple carbon-to-carbon bonds or aromatic carbon-to-carbon bonds It Is also 
possible that the carbon backbone of the starting compound Is affected, whereby mostly methane Is 
25 formed. In many* technically important cases, a reaction of the functionai groups only Is desired, and no 
other raadions are contemplated. 

Examples of the reactions refened to are the hydrogenation of aldehydes to the corresponding alcohols 
Thus saturated aldehydes can easily be produced via the oxoreactlon or hydroformylation reaction by 
reacting olephins with carbon morwxide and hydrogen, Hydrogenation in the presence of copper catalysts 
30 makes it possible for aldehydes to be hydrogenated to form the conresponding alcohols, while when more 
active catalysts are used mainly saturated compounds, paraffins, are formed. In this manner, not only can 
short, unbranched alcohols be produced from aldehydes, but also long-chain unbranched alcohols {C12- 
C15), or branched alcohols, such as 2-ethylhexanoL In addition it is often possible for unsaturated 
aldehydes to be hydrogenated to form the corresponding alcohols without saturation of \he double carbon- 
35 to-carbon bond or bonds. An example is the hydrogenation of furfural to furfuryi alcohol. Aromatic ketones 
can also be selectively hydrogenated to aromatic alcohols In the presence of copper cattalysts, such as 
acetophenone to methyl phenyl carblnol.. Aromatic carbon-to-carbon bonds are generatiy not hydrogenated 
when copper catalysts are used. 

Another Interesting reaction is the selective hydrogenation of organic nitrogen compounds One 
40 example Is tiie hydrogenation of aromatic nitro compounds to form the corresponding aromatic amines. The 
selective hydrogenation of nitriles to amine can also be carried out by means of copper catatysts. 

Of great Importance is the hydrogenation of esters to the alcohols con-esponding to the two compo- 
nents of the est^s This reaction is sometimes designated by the tem\ "hydrogendysis". In this way, fatty 
alcohols can be pruned from fatty acids after esterification with, for example, methanol fvtethanol is 
45 formed back during tiie selective reduction in the presence of copper catalysts Triglycerkies containing 
fatty acid ccvnponents with more than two unsaturated C*C bonds, such as linolenrc acid, can be selectively 
hydrogenated with copper catalysts witiiout hydrogenation of components containing two unsaturated 
carbon-to-cart3on bonds, such as linoleic acid. 

In addition to tiie hydrogerwition reactions discussed above, dehydrogenatlong can also be oxceilentiy 
59 performed in the presence of copper catalysts. With a view to the thennodynamic equiiibrium, a low 
hydrogen pressure and a raised temperature are used In these cases The fact that copper catalysts do not 
promote side reactions is of great value in dehydrogenation reactions. Examples of dehydrogenation 
reactions are the production of acetaldehyde hnom ethyl ateohol and that of cyctohexanone from cyclohex- 
anoL Another important example is the fomr\ation of pyrazine by dehydrogenation of plperazine. 

Further examples which may be menti<»ied are the formation of secondary and tertiary amines, more 
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generally the formation of amines, by the reaction of alcohols with primary of secondary amines. 

In the literature (for example A. Barker et al , Catal, Rev. Sd. Eng. 27 (4) pp. 653 ff (1985)) this reaction 
is designated as "dehydrosmnination" 

Another reaction which is catalyzed by ct^per is tiie alkylation of phenols witfi alcohols 

5 In the brochure. "Copper Chromite Catalysts" of Engelhard De Meem BV, a survey Is given of 
reactions which can be carried out by means of a copper catalyst. 

Copper compounds can be reduced to metallic copper relatively readily . One disadvantage is that 
metallic copper Is very quickly sintered to a material having a negligible surface area and hence an 
extremely poor catalytic activity- An important point in ttiis connection is ttiat the reduction of, for exampJe, 

to copper oxide with hydrogen is highly exotiienmic. As a consequence, unless special precautionary 
measures are taken, the temperature will increase greatly during tiie reduction of copper compounds. As 
sintering increases greatly at higher temperatures, this Is disadvantageous 

The appRcation of copper to a canier is therefore inevitable for neariy all catalytic uses. However, the 
application of a suitable copper precursor to a. mostly highly-porous, canrier in a unifomfi and finely divided 

15 manner Is very difficult. Most copper (11) compounds are precipitated in a broad range of pH values to fonm 
relatively large aystallites of, for example, a size of 1 um. Upon a thermal treatment these coarse 
crystallites can break down into smaller crytallrtes, but the resulting crystallites are In contact with each 
other and not properly distributed over the carrier Indeed, upon reduction, sintering quickly occurs, as a 
result of which the copper area is reduced and the catalytic activity deteriorates- Mostly, therefore, copper 

20 catalysts ai© reduced incompletely. This, however, Is often unattractive, because the copper ions still 
present can be dissolved in the reaction product and can be removed from It with difficufty only. In 
particular for products intended for human consumption, such as margarine, this is most undesirable. The 
presence of copper ions promotes tiie oxidation of margarine components to pnxlucts having a rancid taste, 
while in addition copper may be toxra A last difficulty with copper is ttiat the metal adheres poorly to ttie 

25 conventional carriers. As a result, copper particles applied to carriers will become sintered relatively rapidly 
at higher temperatures. 

The problems witii copper catalysts have tong since been recognized. For tfiis reason, spedal carriers 
are used- Zinc oxide is a carrier to which metallic copper adheres relatively weP. Copper catalysts for 
modem meti\anol processes therefore consists essentiallly of copper particles applied to zinc oxide.. This 

30 also applies to the low-temperature carbon monoxide shift catalyst In spite of the good adherence of the 
copper particles to the zinc oxide, however, the Ihenrnal stability of ti^e copper on zinc oxkJe catalyst is 
poor Adklns and colaboralors found in tiie 'thirties that a catalyst on the basis of coprecipitated copper 
oxide and chromium oxide had a relatively good activity and selecfivity in hydrogenation reactions. They 
also found that the addition of barium, magnesium or caicmm compounds Increased the stability of the 

35 catalyst. 

This Adkins catfiJyst, consisting of copper and/or copper oxide with chromium oxide, has suitable 
properties and is still being successfully used for many catalytic reactions- However, there are two 
drawbacks involved In the use of titis catalyst tiie pore structure of the copper/chromium oxide catalyst 
prepared by coprecipitation is less easy to control, and th© use of chromium requires special measures to 

40 prevent environmental pollution. Deposition precipitation has rendered It possible to prepare copper 
catalysts with an excellent activity and stability- By precipitation from a homogeneous solution, a precursor 
of copper is homogeneously and uniformly distributed over tiie surface of a suitable carrier The thermal 
stabifity is now so high tiiat reduction at elevated temperature Is now possible without any objections. The 
stability and activity of copper supported copper catalysts prepared by deposition precipitation are good. 

45 but yet the activity in hydrogenation reaction remains relatively low This Is possibly caused by tiie fact tiiat 
the dissociative adsorption of hydrogen to copper has a high activation energy. As a result, hydrogen Is 
only dissociatively adsortDed to copper at higher temperatures- At a higher temperature, however, tiie 
adsorption equilibium is at an unfavourable point as a result of which sometimes high to very high 
hydrogen pressures are required to ensure a technically feasible hydrogenation rate- NaluraBy. conducting 

50 processes at such hydrogen pressures leads to ^gh Investments and cost of energy- 

Thrs problem, too, has been appreciated eariier Thus It has been proposed to add nickel to copper to 
increase tiie activity of copper catalysts To detract from tiie selectivity as little as possible, the nickel has 
to be distnDuted fully homogeneously over the carrier-supported copper particles. 

For example, US patent specification 3,723,353 describes a catalyst on ttie basis of copper and nickel. 

ss Such nickel-promoted copper catalysts, however, are often considerably less selective than the catalysts 
based on pure copper, while tiiere is also a considerable increase of dealkylation. This is particularly the 
case at high temperatures, 

British patent publication No- 2.04S,106-A describes a process for preparing a copper-iron-aluminum 
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catalyst, comprising applying specific pH conditions. According to this specification, a catalyst thus 
obtained, which contains at least 28 at % of iron, Is suitable for carrying out hydrogenation reactions 

According to this publication it Is essential that use is made of a solution of an Fe(il) sah This is a 
technically unattractive method, due to the ptoblenns of handling Fe(ll) In view of the fact that Fe(I() Is 

5 rapidly oxidized to Fe(lll) when exposed to air, extensive precautions have to be talcen to prevent this. 

It is an object of the present invention to provide a process for hydrogenation and/or dehydrogenation 
using a promoted copper catalyst exhibiting a particularly good selectivity, exhibiting a good adtivity. and 
not giving rise to excessive cracking, in particular the formation of methane. The invention Js based upon 
the insight that iron in a limited quantity is a suitable promoter for a copper catalyst without involving the 

'0 disadvantages of the nickel promoters. 

The invention accordingly relates to a method of carrying out a chemical reaction In which hydrogena- 
tion and/or dehydrogenation occurs, In the presence of a supported catalyst comprising a carrier material 
with copper as active component and iron as a prcmotor, the proportion of iron, calculated on the amount of 
copper and iron together, on an atomic t^ls, being no more than 25 % 

IS Catalysts comprising iron and copper on a carrier have been lonown for some time for Xhe cracking of 
hydrocariJons (US-A-3,997.477) and for the fischer-Tropsch reaction (EP-A-1 47.839). These reactions are in 
principle catalyzed by iron, and the catsdysts described in these pubflcations shoukJ accordingly be 
regarded as copper-mocfified iron catalysts This is manifest from page 2 of EP-A-1 47,839, where it is 
indicated that iron is the active component Iron catalysts are known to be unsuitable for the reactions of the 

20 present inventton- According to the present invention, copper is the active component and Iron functions as 
the promoter. 

In this connection it is further (^served that it is known from US A-^,944.609 to use copper catalysts for 
the preparation of amide from nitrile. The catalyst described in it for the relevant hydration reaction contains 
no more than about 5 % of iron, calculated on copper and Iron. Hydratton reactions are not comprised by 
25 the formulation of the type of reactions acconJing to the present invention. 

It would be expected that the catalyst used according to the present invention coukj be compared to 
the known Cu-Ni catalysts, which exhibit a high degree of cracking. Surprisingly it has now turned out that 
the catalysts used according to the present invention cannot be compared wifti copper«nk:kel catalysts at 
all. because the cataiyst to be used according to the invention is highly active and very selective, whereas 
30 the copper-fiickei catalyst has exactly a very bw selectivity- 

The catalyst to be used In accordance with the present invention may contain very different proportions 
of iron. TTie maximum proportion of iron is 25 dt.% relative to the amount of copper Iron. More 
particularly, this proportion is between 6 and 25 at% 

Specifically* the praportkin of iron, on an atomic ba^s, calculated on the amount of copper + iron is 
35 10-20 %. 

The proportion of Iron to be used is partly determined by the degree in whk^h the iron is taken up by 
the carrier. The action of iron is not completely dear, but seemingly it is performed in the vicinity of the 
catalytically active copper component . In case a carrier is used which takes up Iron in a high degree, it may 
be necessary to apply relatively much iron to the catalyst to compensate for the removal of the Iron from 
40 the active places. This may take place especially when chromium oxide is used in the cataiyst In the 
presence of iron or one or more Iron compound and chromium oxtde(s). thermostable iron-chromium oxides 
may be formed, which have no appreciable promoting effect on the copper. With other carter materiais, 
too, the problem may present itself that non*active or less active compositions are formed betwe^ the 
carrier materia! and one or more of the other catalyst components. Strictly speaking, in calculating the ratio 
45 of copper to iron, the material which has formed such a composition should be left out of account. 

Conversely, of course, when a canrier materia is used which does not remove iron, a relatively small 
amount of iron will be suffk:iefit. 

The iron need not cover the canler In a continuous layer, as in U&'A<*3.997r477. In practice this is even 
not preferred, and in nr>any cases the amount iron present in the cat^yst will be con^derably smaller 
so than the amount required to realize a monolayer coating of the carrier. 

If desired the cataiyst may contain one or more other co'pronrwtcrs. In fact, it has surprisingly been 
found that metals such as cobalt and nickel, eitfier each by themselves or jointly, have a positive effect on 
the supported Cu-^e catalyst. 

The earner material used can be selected from the known carrier materials The catalyst does have the 
55 advantage that it is not necessary to use chromium as a component, which is less desirable from an 
environmental viewpoint. Suitable carriers for the catalyst according to the presem invention include Si02, 
AfeOs, TiOa, MgO and ZnO, although chromium oxide is applicable. More in general it can be stated that 
one or nrwre metal oxides are used as the carrier material. More suitable carrier materials are AfaOs and 
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S102 More specifically Si02 is used as the carrier material. 

In this connection it is noted that it is not necessary i(X the metal oxides used as the carrier to l58 inert 
with regard to the reaction to be catalyzed, ft is possible that the carriers exhibit a certain catalytic effect or 
that these reinforce or modify the catalytic activity of the copper and iron 
5 The ratio of the quantity of cannier to the quantity of catalyticaily active metal can vary within a wide 
range Generally speaking, it can be stated that the amount of carrier constitutes 15-99 % by weight of the 
total catalyst, and fte quantity of copper and iron together 1 "86 % by weight, but even outside these limits, 
a suitable catalyst can be made, depending upon the nature of the reaction- A preferred range for the 
amount of copper and Iron present in the catalyst Is between 10 and 40 % by weight- 
70 A preferred catalyst composition can be defined, therefore, as a material consisting of 60-90 % by 
weight of silica, 2-8 % by weight of iron, and balance copper. 

In this connection it Is noted that all percentages of copper and iron relate to the metaL 
The components present on the catalyst may be present in various valencies. Copper may occur In the 
active catalyst In the zero-valent form, which means it is present as metalOc copper or In an alloy, but 
75 alternatively it may be present In full or In part in the mono- and/or bivalent form. In this connection it is 
further noted that the mechanism of the catalyst action is not completely clear. 

The copper present In mono- and/or bivalent form may be in the fomn of oxides (CuaO or CuO) or of 
other compounds 

In the catalyst to be used according to this invention, the iron may h»/e various valencies, namely zero, 
20 two or three and all three possK^ilities may exist next to each other. 

Surprisingly It has been found that a partrculariy good activity and selectivity are obtained if tfie iron 
component Is present partly as zero-valent iron and partly as bi- and/or trivalent iron. 

The invention accordingly also comprises a catalyst suitable for canying out chemical reactions, 
comprising a canier material with copper applied thereto and iron as a promotor. the proportion of iron, 
25 calcuiated on the quantity of copper and iron together, on an atomic basis, ranging between 6 and 25 at%. 
In ttie active catalyst, Iron Is preferably present In the zero-valent fonm. This can be realized by 
reducing the catalyst under suitable concfitions. The Iron ions. Qke the copper ions, may be preset as in 
oxide or in another compound 

The ratio of Fe(0) to Fe(ll) and/or Fe(lll) together may vary witWn wide ranges, for example, from 1-99 to 
30 99«K More particularly tiie amount of Fe(0) is at least 10 %, and more specifically at least 20 % of the total 
amount of iron. 

Generally speaWng, the iron{0) will at least partly be present in a oopper(0)-r1ch phase, for example, as 
a copper-iron alloy.. It is assumed that iron(0) which is not In direct contact with copper(0), i.e., which is 
present as a discrete metallic Iron phase, has no or no substantial promoting effect 

35 TTie preferred embodiments discussed within the framework of the process are also applicable to the 
catalyst according to the inventioa 

The catalyst to be used in the process according to the invention can be made in various known 
manners. Accordingly, this also applies to the catalyst according to the Invention. In this connection the 
various deposition-precipitation methods are prefenred. These can be effected, for example, by suspending 

40 the carrier material In an aqueous solution of water-soluble salts of copper and the promoter, in the desired 
ratio, followed by precipitating the metal compounds from the suspension It is also possible for the catelyst 
to be made by impregnating the carrier material or by adsorption to the carrier material. 

Depending on the desired use, the supported catalyst can be further reduced, thermally treated or 
othenwlse adapted. Precipitation from solution can be effected by adaptation of the pH. for example, by 

45 supplying an acid or a base, urea decomposhion, or by electrochemical means. A survey of various 
methods Is gwen in a publication by A J. van Dillen, J .W. Geus. LA.M. Hermans and J. van der Mei}den in 
ProceetSngs Oth International Conference on Catalysis, London (1976) and in LA M. Hermans and J.W- 
Geus in Preparation of Catalyst II (B. Delmon, P Grange, P. Jacobs and Q. PonceleL editors) pp- 113-130. 
Elsevier, Amsterdam, 1979. 

50 A description of the deposition precipitation is also given in US- A-4,1 13,658. Deposition-precipitation is 
also discussed in European patent applications 71 983 and 100,512. 

It Is noted that the various components of the catalyst may be applied successively or. In full or in part 
simuitaneously 

One possibility, for example, is the simultaneous depositiofvprecipitation of copper and iron compounds 
55 on a ready carrier. It is also possible, however to apply iron to a supported copper catalyst already formed, 
for example, a commercial copper<hromite catalyst 

Other methods of making catalysts, sudi as copreclpltation, m which the canrfer is precipitated along 
with at least one of the other components, are also applicable. 
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Although these msthods provide a suitable cataJyst, in many cases thay require the use of a solution of 
an Fe(ll) sait, which had the disadvantages discussed earlier. 

The invention also relates to a process for producing a st^ported catalyst comprising copper and Iron. 
According to this process, the catalyst is prepared by Introducing Fe^* Ions, either by injectjon or by 
5 electrochemical generation, optionally simultaneously with Cu^* ions, and/or a solution of a precursor of the 
carrier material Into a stirred solution or suspension of which the pH value is kept at a value between 4 and 
7 with the proviso that If an Fe^^ solution is injected into a suspension of a carrier already containing 
copper the pH is kept at a value of at most 5.9. 

It has surprisingly been found that this process produces a catalyst having a very good activity and 
70 selectivity Preferably, the proportion of iron in the catalyst is no more than 25 % on an atomic basis, 
calculated on the overall quantity of Iron and copper. The minimum quantity may be extremely low. but Is 
preferably not less than 6 %, calculated on the same basis. The preferred amount of iron Is between 10 and 
20%. 

In this preparation of the catalyst, the starting product may be either a carrier already fdnmed. which is 
15 suspended in an aqueous solution, and on which the iron is precipitated, or a system in which iron, copper 
and the canier are precipitated simultaneously by injecting, among other materials, a solution of trivalent 
iron ions.. 

According to a preferred embodiment of the present Invention an aqueous solution of trivalent iron ions 
is injected under the surface of a vigorously stirred suspension of the carrier material which optionally 
20 already contains copper. 

The catalyst may be In the form of fine particles as well as in the form of mouldings, such as rings, 
pellets, extrudates and the Gke. The shape which the catalyst is given depends essentially on the 
contemplated application, $udh as the nature of the reaction and the medium in which it is canrfed out 
The reactions according to XHs invention in which the catalyst is applicable are generally those in which 
25 the known copper catalysts are used. These may, for example, be liquid-phase ar^or gas-phase reactions 
Examples of reactions are those mentioned in the discussion of the state of tiie art and speclfccally the 
hydrogenation of aldehydes, amides, fatty acids, fats and oils, nitriies, nitroaromatic hydrocarbons, ketones, 
and fifffural, but also the hydrogenolysis of esters, the alkylation of alcohols with arnines or of phenol witii 
alcohols, the aminatlcn of alcohols, tiie dehydrogenation of alcohols, and the like 
30 These reactions are included by the definition that the reaction should comprise hydiogenallon and/or 
dehydrogenation This means that the net result of the reaction may be hydrogenation or dehydrogenation, 
but it is also possible that hydrogenation or dehydrogenation Is only one of the steps in tiie reaction 
mechanism.. In certain cases, such as In tiie above dehydroamination of alcohols, it Is also possible that the 
net hydrogen consumption or the net hydrogen production is nil, because tiie reaction mechanism 
35 comprises both hydrogenation and dehydrogenation.. 

NaturaDy, the definition does not include Vne cracking of hydrocarbons, the metiiane steam reformationi 
a shift reaction or the decomposition of ammonia. 

The present invention is itiuatrated in and by the following examples. 

40 

Preparation 1 (comparative) 

25.00 g Aerosil 380, marketed by Degussa, was suspended In 2 t delonlzed water of 21 *C To this 
suspension, 40-74 g Cu(N03)2^ 3H2O and 50-75 g urea were added. The pH of this suspenson was 
ts adjusted to 3.0 by means of concentrated HNO3. With vigorous stining tiie temperature of the suspension 
was tuought to 90* G After 20 hours, tiie suspension was filtered and washed with 800 ml deionized water, 
the material was dried in air for 16 hours at a temperature of 120* C. After pressing at a pressure of 150 
MPa. a sieve fraction of 0.5-0.85 mm was made. By treating tills sieve fraction for 16 hours in a gas-stream 
of 25 mi/mln, conasting of 20 % H2 in U2 at a temperature of 300* C, catalyst 1 was obtained 

so 

Preparation II 

2500 g Aerosil 380, marketed by Degussa, was suspended in 2 ! deionized water of 21 'C. To tiiis 
55 suspension, 34.63 g Cu(N03)2 3H2O and 43 27 g urea were added The pH of this suspension was adjusted 
to 3.0 by means of concentrated HNO3. With vigorous stirring the temperature of the suspension was 
brought to dO* C. After 20 hours tiie suspension was filtered. The material so obtained was subsequentiy 
dispersed in 1.50 1 deionized water witii a temperature of 40* C The pH of tiiis suspension was acQusted to 

6 



BMSOOaO: <EP fl320O74A1 J_> 



EP 0 320 074 A1 



5 6 by means of concentrated HNO3 11 .63 g Fe(NOt5)3 -QHzO was dissolved in 200 m! delonized water The 
pH of this solution was adjusted to 1 0 by means of concentrated HNO3. This solution was injected into the 
suspension at a constant rate over a period of 5 hours. During this injection, the pH of the suspension was 
kept between 5.53 6 63 by means of injecting a 0,75 M NaOH solution. Subsequently, the suspension 
5 was fiitered and washed with 800 ml delonized water. The material was dried In air for 18 hours at a 
temperature of 120* C- After pressing at a pressure of 150 MPa. a sieve fraction of 0 5-0.85 mm was made- 
8y treating this sieve fraction for 16 hours in a gas stream of 25 ml/min. consisting of 20 % H2 in N2. al a 
temperature of 300* C, catalyst IJ was obtained. 

TO 

Preparation m (comparative) 

25.00 g Aeroal 380V. marketed by Degussa. was suspended in 2 I delonfeed water of 21 'C To this 
suspension. 40 52 g Cu(N03h.3H20, 0-265 g Ni(N03)2 6HaO and 50 75 g urea were added. The pH of this 

rs suspension was adjusted to 3-0 by means of concentrated HNO3 With vigorous stinring. the temperature of 
the suspension was brought to 90 *C.. After 20 hours, the suspension was filtered arid washed with 800 ml 
delonized water. The material was dried in air for 16 hours at a temperature of 120* C. After pressing at a 
pressure of 150 MPa, a sieve fraction of 0-5-0-85 mm was made. By treating this sieve fraction for 16 hours 
in a gas-stream of 25 mWmin consisting of 20 % Ha in Na. at a temperature of 300* C. catalyst il was 

20 obtained. 



Preparation IV 

25 10 0 g commercial copper chromite catalyst was dispersed in 1 .50 I deionlzed water with a temperature of 
40* C The pH of this suspension was adjusted to 5.9 with concentrated HNO3 10.0 g Fe(N03)a 9H2O was 
dissolved in 80 ml deionized water. The pH of the solution was adjusted to 1.0 with concentrated HNO3. 
This solutlOT was injected into the suspension at a constant rate over a period of 3 hours and 20 minutes 
During the injection, the pH of the suspension was maintained between 5.85 and 5.95 by Injecting a 0-75 M 

30 NaOH solution. Subsequently the suspension was filtered and washed with 1 1 defonlzed water. The material 
was dried in air for 16 hours at a temperature of 120* C After tabletting at a pressure of 150 MPa. a sieve 
fraction of 0.5-0,85 mm was made. By treating tfiis sieve fraction for 16 hours in a gas- stream of 25 ml/mln. 
consisting of 20 % Ha in Na. at a temperature of 200* C, catalyst IV was obtained 

35 

Preparation V (comparative) 

The commercial copper chromite catalyst as used in Example IV was tabtetted at a pressure of 150 MPa. 
From these pellets, a sieve fraction of 0 5-0 85 mm was made. By treating this sieve fraction for 16 hours in 
40 a gas-stream of 25 ml/min. consisting of 20 % Hz in N^, at a temperature of 300* C, catalyst V was 
obtained 



Examples l-V 

45 

Activity and selectivity measurement of catalysts l-V 

To determine tiie activity of the catalysts, the hydrogenolysis of methyl acetate was used: 

50 

CHaCOOCHa + 2H2-CH3OH + CHaCHzOH 

The ethanol formed In this reaction can react with.methyl acetate via a transasterficatton reactton: 
55 CH3COOCH3 CH3CH20H-CH3COOCH2CH3 + CH3OH 

The ethyl acetate formed during this reaction can be converted into ethanol by a hydrogenolysis: 
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CH3COOCH2CH3 + 2H2-»2CH3CH20H 

Tfiese reactions were carried out by passing a gas-stream of 45 ml/mtn of H2 with 8 % by volume of methyl 
acetate through a reactor containing 0.5 9 catalyst The activity of the catalysts was measured In the 
5 temperature range 0I 200 to 290* C. The measurements were taken with increasing temperature- The 
conversion Is calculated as foltows: 

conversion (%) = {1 • ca/ci) x 100 % 

70 where Ci is the methyl acetate partial pressure upstres^ of the reactor and C2 the methyl acetate partial 
pressure downstream of the reactor. 
The selectivity for methanol Is calculated as follows: 

selectivity for methanol <%) - (03/(01-02) x 100 % 

IS 

where Ct is the methyl acetate partial pressure upstream of the reactor and cz the methyl acetate partial 
pressure downstream of the reactor, and cs the methanol partlsH pressure downstream of the reactor. The 
calculation of the selectivity for ethanol Is shnllar to the calculation for methanol. Because the ethyl acetate 
formed in the reaction can react with H2 to form the desired reaction product, ethanol, the selectivity for 
20 ethanoi ethyl acetate is also mentioned in the results of the experiments The seiactivlty for ethanol * 
ethyl acetate is calculated as follows: 

selectivity for ethanol * ethyl acetate (%) = (c* + 2cs)/(ci-C2)) x 100 %. 

In this equation, Ci is the methyl acetate partial pressure upstream of the reactor, Cs is the methyl acetate 
partial pressure downstream of tiie reactor, Ci the ethanol partial pressure downstream of the reactor, and 
2S C9 the ethyl acetate par^ (pressure downstream of the reactor. 

The methane ratio is calculated as follows: 

methane ra^o = (C6/(ct-C2)) 

30 

In this equation, Ci Is the methyl acetate partial pressure upstream of the reactor, C2 is the methyl acetate 
partial pressure downstream of the reactor, and ce is the methane partial pressure downstream of the 
reactor. 

The results of these experiments are shown graphically in the accompanying Rgures 1 and 2, while the 
3S conversion and selectivity of the cat^sts are specified in Table 1 below at a reaction temperature of 
250' C. 

Rgure 1 dearly shows that the iron-promoted catalysts II and IV have a greatly increased activity 
relative to the non-promoted catalysts 1 and V. The nldcel-promoted catalyst 111 Is less active than the non- 
promoted catalysts I and V- 

40 Figure 2 clearly shows that the nickel-promoted catalyst III produces much more methane than do 

the other catalysts. These two Rgures show, therefore, that the promotion of copper catalysts wth Iron 
results In a marked Increase in activity, without this having any substantial effect on the selectivity. Ntdcel- 
promoted catalysts, on the other hand, give no improvement in activity, but do show a great undesirable 
increase in the formation of methane. 

45 
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TABLE 1 



Activity SBWl selectivity at 250* C 


catalyst 


conversion 
{%> 


selectivity (%) 


metiiane 
ratio 


methanol 


ethanol 


ethanol + 
ethyl acetate 


r 




100 


30 


94 


a006 


II 


51.3 


100 


41 


92 


0010 


111* 


12.0 


73 


31 


76 


0.080 


IV 


44B 


96 


38 


90 


0X308 


V 


20-3 


100 


29 


95 


0.011 



'not m accordance with the invention 



a) Preparation VI (comparative) 



Cataiyst VI was prepared in a sknilar procedure as used in preparation example I . As a support 2503 g of 
Aerosil OX50 was applied. The amounts of Cu(NOa)a-3H20 and urea were 10 54 g and 7.85 g. respectivoly- 



25 



f=^eparation VII 



Catalyst V« was prepared in a similar procedure as used in preparation example II . As a support 25.00 g of 
Aerosil OX60 was appGed The amounts of CuCNOah-SHaO, Fe(N03)3.9H20 and urea were 8.97 g, 3 03 g 
30 and 6.69 g, respectively. 



Example VI 

35 Catalysts I, II and M\, VII were tested on their perfonnance in the hydrogenolysls of coconut methyl ester. In 
each test a sieve fraction of 100 mesh of the catalyst was suspended in the feed to a total catalyst loading 
of 1-8 wt% The slurry was agitated at 1800 rpm. The reaction was conducted at a temperature of 280* C 
and a hydrogen pressure of 204 bar. The conversion of coconut methyl ester was monitored by sampling 
tiie liquid at fixed interoals, followed by the determination of the amount of KOH required for the 

40 saponification of unconverted methyl ester. The results are indicated in Table 2. 

Table 2 clearly illustrates the beneficial effect of iron on the activity of supported copper catalysts- 
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Table 2 



Saponification values of samples taken at 
fixed intervals using different catalysts. 


Catalyst 


Saponification value {mg KOH/g 
sample) 


Run time (min) 


0 


20 


40 


60 


1 


265 


209.7 


117,8 


130.5 


11 


265 


163.0 


1150 


867 


VI 


265 


222 8 


180 8 


156.0 


VII 


265 


189.4 


131 5 


1055 



Example VII 

In order to demonstrate the effect of the iron content on the activity of the catalyst, a number of 
catalysts have bean prepared with different iron contents. The preparation was effected in conformity with 
the procedure described in Preparation 11. The following Table III shows the effect of the Iron content on t3n& 
hydrogenolysis of methyl acetate (260* C). 

TABLE III 



35 



Test 


% Fe (on the basis of 
wt.% relative to Cu) 


Conversion % 


1 


0 


12.6 


2 


4.8 


30.4 


3 


6.2 


30.9 


4 


9.1 


33.8 


5 


11.1 


37-6 


6 


13 0 


39.6 


7 


14,9 


388 


8 


16,7 


33.8 



Claims 

45 

1 A method of performing a chemical reaction in which hydrogenation and/or dehydrogenation occurs, 
in the presence of a supported catalyst comprising a carrier material with copper as active component and 
iron as a promoter, in which the proportion of iron, calculated on the amoum of copper and iron jdntly, on 
an atomic basis, is no more than 25 %. 
so 2 A method as claimed in claim 1 , in which the proportion of iron is no less than 6 at-%. 

3- A n^ethod as claimed in claim 2, in which the proportion of iron ranges between 10 and 20 at-%. 

4 A method as claimed In claims 1-3. characteiized by canning out a hydrogenation, dehydrogenation, 
amination and/or hydrogenolysis. 

5. A method as claimed in claims 1-4, characterized in that the carrier constitutes 15-99 % by weight of 
55 the catalyst. 

6. A method as claimed In claim 5. characterized in that the catalyst comprises 50-80 % by weight of 
carrier. 

7. A method as claimed in claims 1-€, characterized by u^ng as the carrier one or mors metal oxides. 
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8 A method as claimed In claim 7. characterized in that the metal oxides have been selected from the 
group consisting of SiOa* AkOs. Ti02» MgO, ZnO and CraOs- 

9 A method as clfiumed in claim 8, characterized In that the carrier is SiOz or AI2O3. more particularly 
SiOz 

6 10. A catalyst suitable for canrying out the method as claimed in claims 1-9. comprising a carrier 
material with copper as active component and iron as a fyomotor. and in which the proportion of iron, 
calculated on the amount of copper and iron jointly, on an atomic basis, ranges between 6 and 25 at% 
11. A catalyst as claimed In claim 10 In which the proportion of iron is 10*20 at.%- 
12 A cataiyet as claimed in claim 10 or 11, characterized in that the carrier constitutes 15 to 99 % by 
70 weight of the catalyst. 

13 . A catalyst as claimed in claim 12, characterized in that the catalyst comprises 60>90 % by weight of 
carrier. 

14. A catalyst as claimed in claims 10-13. characterized by comprising as a carrier one or more metal 
o>ddes.. 

IS 15. A catalyst as claimed in claim 14. characterized In that the metal oxides are memlwrs of the group 

consisting of SiOa, AI2O3. TiOa MgO. ZnO and CrjOa 

16. A catalyst as claimed in claim 15, characterized in that the canrler Is Si02 or AfeOs, more 
specifiCdJIy Si02. 

17. A process tor preparing a supported catalyst comprising copper and iron, which comprises 
20 introducing Pe^* ions, either by injection or by electrochemical generation, (penally simultaneously with 

Cu^* ions, and/or a solution of a precursor of the carrier material into a stirred solution or suspension of 
which the pH value Is kept at a value l^etween 4 and 7 with the proviso that if an Fe^* solution is injected 
into a suspension of a carrier already containing copper, the pH is kept at a value of at most 5 9- 

18. A process as claimed in claim 17, In which the iron content, calculated on the amount of copper and 
25 iron together, on an atomic basis, is between 8 and 25 % . 

19- A process as claimed in claim 18, in which the Iron content is between 10 and 20 %.. 

20- A process as claimed in claims 17-19, in which an aqueous solution of trivalent iron tons is injected 
under the surface of a vigarously stiired suspension of the carrier material which optionally already contains 
copper 

30 
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